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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to an antirheumatic composition which comprises a lipid-bound glycosaminoglycan as 
an active ingredient. 

BACKGROUND OF THE INVENTION 

10 [0002] Rheumatoid arthritis (to be referred to as "RA" hereinafter) is one of chronic multiple inflammatory diseases 
causing arthritis as the main lesion, and the serum and synovia collected from RA patients contain a rheumatoid factor 
(to be referred to as "RF" hereinafter) as an autoantibody which reacts with immunoglobulin IgG. It seems that an 
abnormal immunity is concerned in morbidity in RA in view of the presence of RF, but the cause of this disease is still 
unclear. Changes in morbidity in RA are divided approximately into three stages as a matter of convenience (Zvaifler 

15 N.J., Adv. Immunol., J_6, 265-336, (1973)). The first stage is an initial stage in which an unknown etiologic factor, 
namely an antigen, reaches joint synovial membrane to cause synovitis. In the second stage, chronic inflammation 
develops widely triggered by the synovitis, to cause, for example, new formation of microvessels under the surface layer 
of the synovial membrane, edema in tissues under the synovial membrane and proliferation, hypertrophy and multilay- 
ered growth of surface layer synovial cells. Also, infiltration of lymphoid follicle-like lymphocytes and plasma cell infiltra- 

20 tion occur around microvessels. In the third stage, the inflamed synovial membrane is transformed into a slender villus 
(pannus) which penetrates into the joint cavity and subsequently proceeds to destruction of cartilage and bone, and 
finally acampsia. Since the destruction of cartilage and bone in the third stage entails clinically serious functional disor- 
der and impedes the daily life of RA patients, the third stage is concerned in most important morbidity to be treated, in 
addition to the prevention of the initial stage synovitis. Mechanism of the cartilage destruction includes direct decompo- 

25 sition of proteoglycan through the joint surface by digestive enzymes such as proteases which are released into the RA 
synovia in a large quantity and destruction of cells and tissues at the junction of the synovial tissue with the articular 
cartilage by the synovial membrane pannus. Thus, decrease in the amount of proteoglycan can be found in the carti- 
lage surface layer of RA patients. It is said that in the RA cases, the articular cartilage surface layer is coated with an 
immune complex containing a fibronectin-like substance, which makes pannus advanced. Especially, fibronectin is 

30 regarded as a factor positively concerned in the extension of pannus, because it is known as a mesenchymal cell 
extending factor and produced in the active RA synovial membrane in a markedly large quantity (Shiozawa S., Scand. 
J. Rheu., Suppl.74 . 56-72, 1988). 

[0003] As described above, the cause of RA is still unclear, and no reliable treatment of the disease has been estab- 
lished. Especially, there is no drug which is effective for suppressing the extension of pannus. In addition, the drugs cur- 
35 rently used in the treatment of RA are insufficient in their effects and have a problem of causing serious side effects. In 
consequence, great concern has been directed toward the development of drugs which can improve the above-men- 
tioned various symptoms of RA. 

[0004] With regard to an animal model, arthritis of a rabbit induced by sensitization with heat-killed cells of an E. coll 
strain 0:14 is characterized in that it shows symptoms which are considerably close to those of RA (Aoki, S., et al., 
40 Arthritis and Rheumatism, 28, 522-528, 1985; Aoki, S., Chubu Rheum. Assoc., 21, 1-13, 1990). That is, this arthritis 
rabbit is excellent as an RA animal model because an RF-like substance as an autoantibody specific for IgG can be 
detected in its serum, in addition to articular pathosis such as multilayered growth of the synovial membrane surface 
layer cells, edema under the surface layer cells, small circle infiltration of lymphoid follicle, fibrinoid deposition, pannus 
formation and the like. 

45 [0005] Similar RA-like symptoms can also be found in the case of arthritis induced by an antigen which is caused by 
sensitizing heat-killed cells of the E. coll strain 0:14 for several months and then directly administering the heat-killed 
cells into the joint cavity of the knee, in order to generate arthritis synchronously at an early stage with certainty. 
[0006] The present inventors previously succeeded in synthesizing a lipid-bound glycosaminoglycan by covalently 
bonding glycosaminoglycan with a lipid and found that it was possessed of cell adhesion-inhibiting and metastasis-sup- 

50 pressing activities (JP-A-4-80201 ; JP-A-4-80202; JP-A-4-82836; Selkagaku, 62 (7), 880, 1 990; and Selkagaku, 63 (8), 
948, 1991). (The term "JP-A" as used herein means an "unexamined published Japanese patent application") 
[0007] Thus, as described above, great concern has been directed toward the development of an antirheumatic drug 
which has excellent therapeutic effects and is free from side effects such as toxicity and the like. 

[0008] "Annals of the Rheumatic Diseases", Vol. 42, No. 3, June 1 983, pages 254 to 263 refers to the immunoelectron 
55 microscopic demonstration of fibronectin in rheumatoid pannus and the cartilage-pannus junction. 

[0009] "Scandinavian Journal of Rheumatology", Vol. Supplement No. 4, 1 988, pages 65-72 deals with the etiopatho- 
genesis of rheumatoid arthritis and especially reflects the local factors stimulating pannus formation (fibronectin). 
[0010] "The Journal of Biological Chemistry", Vol. 264, No. 14, May 15, 1989, pages 8012-8018 discloses the regu- 
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lation of cell-substrate adhesion by proteoglycans immobilized on extracellular substrates. Furthermore, the production 
of a large chondroitin sulfate proteoglycan that binds to fibronectin is described. 

[001 1] In EP-A-0 466 966 a synthetic chondroitin sulfate proteoglycan containing chondroitin sulfate and serum albu- 
min chemically bound thereto is disclosed, which is used for preparing a medicament for prevention of abdominal adhe- 
5 sion occurring after surgical operation. 

[0012] Finally, the "Journal of Cell Science", Vol. 100, No. 2, October 1991, pages 387 to 395 refers to the enhanced 
expression of fibronectin by cmd/cmd chondrocytes and its modulation by exogeneously added proteoglycan. 

SUMMARY OF THE INVENTION 

10 

[001 3] An object of the present invention is to provide a substance useful for an antirheumatic drug which ameliorates 
the abovementioned various RA symptoms. Particularly, the present invention aims at providing an antirheumatic drug 
which has an effect to suppress extension of pannus which causes cartilage destruction, is effective in alleviating 
inflammation of synovial membrane and does not show toxicity and side effects. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

20 Fig. 1 is a graph showing the remaining amount of fluorescence-labeled chondroitin sulfate (F-CS) or fluorescence- 

labeled CS-PE (F-CS-PE, PE: L-(a-phosphatidyl)-ethanolamine dipalmitoyl) in each tissue of a normal Japanese 
white rabbit to which F-CS or F-CS-PE has been administered. 

Fig. 2 is a graph showing the remaining amount of fluorescence-labeled chondroitin sulfate (F-CS) or fluorescence- 
labeled CS-PE (F-CS-PE) in each tissue of a Japanese white rabbit with E. co//-induced arthritis, to which F-CS or 

25 F-CS-PE has been administered. 

Fig. 3 is photographs of microscopically observed joint tissue specimens derived from the groups of E. coli-sensi- 
tized arthritis-induced rabbits as the results of Test Example 3. Photographs Nos. 1 , 2, 3, 4 and 5 shows the respec- 
tive joint tissue specimens of: the PBS-administered control group; the right knee joint (control) of the CS-PE- 
administered group; the left knee joint of the CS-PE-administered group; the right knee joint (control) of the HA-PE- 

30 administered group; and the left knee joint of the HA-PE-administered group. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present invention relates to the use of a lipid-bound glycosaminoglycan or a salt thereof for preparing a 

35 composition for treating rheumatism. 

[0016] The lipid-bound glycosaminoglycan as used in the present invention is not restricted as long as it has a struc- 
ture in which a lipid is covalently bound to a glycosaminoglycan (to be referred to as "GAG" hereinafter), but preferably 
a structure in which a functional group of a lipid is covalently bound to a carboxyl group (including lactone), a formyl 
group or a primary amino group of a GAG formed by specific cleavage of the reducing terminal pyranose ring of the 

40 GAG and subsequent chemical treatment. 

[0017] A particularly preferred example of the lipid-bound GAG is a lipid-bound GAG obtained by subjecting a GAG 
to reduction and limited oxidation (partial oxidation) reactions thereby specifically cleaving the reducing terminal pyran- 
ose ring and forming a formyl group at the GAG reducing terminal, forming a Schiff base from the formyl group and a 
primary amino group of a lipid and then reducing the Schiff base. Another preferred example is a lipid-bound GAG 

45 obtained by subjecting a GAG to an oxidation reaction thereby specifically cleaving the reducing terminal pyranose ring 
and forming a carboxyl group at the GAG reducing terminal, subjecting the resulting product to a lactonization reaction 
to convert the GAG reducing terminal into a lactone structure and then allowing the lactone to react with a primary 
amino group of a lipid. 

[0018] The present invention is described further in detail below. 
so [0019] The lipid-bound GAG to be used as an active ingredient for the preparation of the antirheumatic composition 
in accordance with the present invention may be known substances as disclosed in JP-A-4-80201 and JP-A-4-80202. 
The present invention, however, is not particularly restricted by these substances, and any lipid-bound GAG in which a 
lipid is covalently bound to a GAG may be used as the active ingredient for the preparation of the composition in accord- 
ance with the invention. 

55 [0020] Preferably, the lipid-bound GAG may be obtained by covalently binding a carboxyl group (including lactone), a 
formyl group, a hydroxyl group or a primary amino group of a GAG or any of these groups introduced into the GAG in 
advance to a carboxyl group, a formyl group or a primary amino group of a lipid or any of these groups introduced into 
the lipid in advance via an acid amide bond (-CONH-), an ester bond or an aminoalkyl bond (-CH 2 NH-). Particularly pre- 
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ferred are those formed by the following bonding reactions (1) to (3). 

[0021] The groups involved in the bond may be an amino group, a carboxyl group, a formyl group or a hydroxyl group 
which is inherently contained in a GAG or a lipid, or may be formed by a chemical treatment of the GAG or lipid or intro- 
duced in advance into the GAG or lipid through a reaction with a spacer compound which has the above functional 
5 group as its terminal groups. 

(1 ) an acid amide bond (-CONH-) between a carboxyl group (including lactone) of a GAG formed by cleaving reduc- 
ing terminal pyranose ring followed by chemical treatment and a primary amino group of a lipid; 

(2) an acid amide bond (-CONH-) between a carboxyl group of a uronic acid moiety of a GAG and a primary amino 
10 group of a lipid; or 

(3) an aminoalkyl bond (-CH 2 NH-) formed by reducing a Shiff base obtained by reacting a formyl group of a GAG 
formed by cleaving reducing terminal pyranose ring followed by chemical treatment with a primary amino group of 
a lipid. 

15 [0022] The following schematically shows typical examples of the relationship between the lipid-bound GAG and its 
material compounds. 

(1 ) GAG or derivatives thereof 

20 [0023] 

(A) 



25 



o 

I 

GAG C 0 



(lactonized GAG) 



30 



(B) 



35 



o 

I 

GAG CH 



(aldehyde GAG) 



40 



(C) 



45 



COOH 
I 

GAG 



(uronic acid moiety) 



50 (D) 



GAG ^v%aaaaNH 2 



(amino group-introduced GAG) 



55 



(E) 
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10 



GAG-OH (sugar moiety in common) 

[0024] In the above formulae, GAG is a glycosaminoglycan and 



represents an introduced amino group. 
15 (2) Lipid or derivatives thereof 
[0025] 

(0 

20 

lipid-NH 2 (amino group-containing phospholipid) 



25 

lipid /n/vn/v*. NH 2 (amino group-introduced lipid) 

30 

(ii) 
(ill) 



35 



lipid /w^. COOH (carboxyl group-introduced lipid) 



(iv) 

40 O (aldehyde lipid) 

II 

lipid — CH 



45 



50 



[0026] In the above formulae, 

COOH 

represents an introduced carboxyl group. 
(3) Lipid-bound GAG 



55 

[0027] 



(a) (A) + (i) -> GAG— CONH— lipid 



5 



(b) (A) + (ii) -> 
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GAG CONH^wvna lipid 



(c) (B) + (i) -> GAG— CH 2 NH— lipid 

(d) (B) + (ii) -> 



GAG — CH 2 NH ^n^n^ lipid 



(e) (C) + (i) -> 



CONH — lipid 
I 

GAG 



(0 (C) + (ii) -> 

CONH/^^v^vlipid 
GAG 

(g) (D) + (iii) -> 

GAG -^^N^HNCO lipid 

(h) (D) + (iv) -> 

GAG ~^~^HNCH 2 lipid 

(i) (E) + (iii) 

GAG — O — CO ^^^lipid 



[0028] The lipid-bound GAG as used in the present invention can be used as a salt, preferably with an alkali metal 
such as sodium, potassium, an alkaline earth metal such as calcium, magnesium, an amine such as trialkylamine, and 
an organic base such as pyridine. 

[0029] The starting GAG material may be obtained by any available means including extraction from a natural source 
such as an animal, culturing of a microorganism or chemical or enzymatic synthesis, with typical examples including 
hyaluronic acid, chondroitin, chondroitin sulfate (A, C, D, E and K), chondroitin polysulfate, dermatan sulfate (chondroi- 
tin sulfate B), heparin, heparan sulfate, keratan sulfate, keratan polysulfate. These GAG materials may be used in the 
form of usually used salt such as sodium salt. Chondroitin sulfate, dermatan sulfate and hyaluronic acid are preferably 
used. 

[0030] Usable starting lipid materials are complex or simple lipids extracted from natural sources such as animals, 
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plants, microorganisms or those synthesized or partially hydrolyzed by chemical or enzymatic means. Grycerolipids are 
preferably used. Typical examples of glycerolipids include grycerophospholipids such as phosphatidylethanolamine, 
phosphatidylserine, phosphatidylthreonine, ethanolamine plasmalogen, serine plasmalogen, lysophosphatidylcholine, 
lysophosphatidylinositol and the like, and acylglycerols such as monoacylglycerol, diacylgrycerol and the like neutral 

5 lipids. Of these, particularly preferred are primary amino group-containing glycerophospholipids. Though chain length 
and unsaturation degree are not particularly limited, palmitoyl (hexadecanoyl) or stearoyl (octadecanoyl) is effective as 
the acyl group of the lipid. These lipids may be used in the form of usually used salt such as hydrochloride or acetate. 
[0031] A process for producing the lipid-bound GAG to be used as the active ingredient for the preparation of the com- 
position according to the present invention is not particularly limited and may be any known synthetic process such as 

10 a process disclosed in JP-A-4-80201 or JP-A-4-80202. Typical examples of the synthetic process being useful for the 
present invention are described in detail below. 

Limited oxidation of reducing terminal 

15 [0032] In this process, a GAG is covalently bound to a lipid by subjecting a reducing terminal xylose, galactose, uronic 
acid or hexosamine moiety of the GAG to reduction and limited oxidation (partial oxidation), thereby specifically opening 
(cleaving) the reducing terminal pyranose ring and forming a formyl group on the GAG reducing terminal to give an 
aldehyde compound, allowing the formyl group of the thus obtained aldehyde compound to react with a primary amino 
group of the lipid to form a Schiff base and then reducing the thus formed Schiff base to form an aminoalkyl bond (- 

20 CH 2 NH-). 

[0033] Reduction of the reducing terminal sugar residue in the GAG may be carried out using a reducing agent (an 
alkali salt of boron hydride such as sodium borohydride, sodium cyanoborohydride) in an amount of from 5 to 50 equiv- 
alents, preferably from 25 to 30 equivalents, per mole of the GAG, in an appropriate aqueous solvent (water, a borate 
buffer) at a temperature of from 1 0 to 30°C, preferably from 1 5 to 25°C for at least 1 hour, preferably from 3 hours to 1 8 
25 hours. 

[0034] The thus obtained compound is then subjected to limited oxidation to form an aldehyde compound having a 
formyl group specifically at the GAG reducing terminal. The oxidation reaction may be carried out using an oxidizing 
agent (an alkali salt of periodic acid such as sodium periodate, potassium periodate) in an amount of from 1 to 1 0 equiv- 
alents, preferably from 3 to 6 equivalents, per mole of the GAG obtained by the above reduction step, at a temperature 

30 of from 0 to 1 0°C, preferably from 0 to 4°C, for at least 5 minutes, preferably from 30 minutes to 2 hours. 

[0035] The thus formed aldehyde compound is then allowed to react with a primary amino group of a lipid (a phos- 
pholipid such as phosphatidylethanolamine) to form a Schiff base, which may be effected by mixing the aldehyde com- 
pound dissolved in an aqueous solvent (e.g., water, a phosphate buffer) or an appropriate organic solvent (e.g., 
dimethylformamide, dimethyl sulfoxide with the lipid dissolved in an appropriate organic solvent (e.g., chloroform, meth- 

35 anol) and allowing the mixture to react at a temperature of from 15 to 60°C for at least 1 hour, preferably from 5 hours 
to 18 hours. Reduction of the Schiff base may be effected during the reaction or after completion of the reaction using 
an appropriate reducing agent (e.g., an alkali salt of boron hydride such as sodium borohydride, sodium cyanoborohy- 
dride). 

[0036] In the production of a lipid-bound GAG in accordance with the methods described herein, a bifunctional spacer 
40 compound having a primary amino group, for example, an alkylenediamine such as ethylenediamine or an amino acid 
such as lysine, instead of the primary amino group-containing lipid, is allowed to react with the abovementioned alde- 
hyde compound thereby forming an aminoalkyl bond (-CH 2 NH-), and then the resulting compound is allowed to react 
with a lipid, for example, monoacylglyceryl dicarboxylate such as monoacylglyceryl succinate, having a functional group 
such as a carboxyl group which can react with the other functional group such as an amino group of the above spacer 
45 compound. 

Lactonization of reducing terminal 

[0037] In this process, a GAG is covalently bound to a lipid by oxidizing a reducing terminal xylose, galactose, uronic 
so acid or hexosamine moiety of the GAG to specifically oxidize the reducing terminal pyranose ring and form a carboxyl 
group at the GAG reducing terminal, subjecting the resulting product to lactonization reaction to convert the GAG reduc- 
ing terminal into a lactone structure and then allowing the thus formed lactone to react with a primary amino group of 
the lipid to form an acid amide bond (-CONH-). 

[0038] Oxidation of the GAG reducing terminal sugar residue may be carried out using an oxidizing agent (e.g., iodine, 
55 bromine) in an amount of from 2 to 50 equivalents, preferably from 5 to 15 equivalents, per mole of the GAG, in an 
appropriate aqueous solvent (e.g., water, a phosphate buffer) at a temperature of from 0 to 60°C, preferably from 15 to 
30°C, for at least 1 hour, preferably from 3 hours to 1 8 hours. 

[0039] After the oxidation reaction, the thus obtained compound is subjected to acid treatment to form a lactone com- 
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pound in which the GAG reducing terminal is specifically lactonized, using a strongly acidic cation exchange resin such 
as Dowex 50 (trade name, Dow Chemical Co.), Amberlite IR 120 (trade name, Organo Co., Ltd.) and/or acid including 
inorganic acid such as hydrochloric acid, sulfuric acid or the like or organic acid anhydride such as acetic anhydride, 
citric anhydride, succinic anhydride. 

[0040] The thus obtained lactone compound is then allowed to react with a lipid having a primary amino group (a 
phospholipid such as phosphatidylethanolamine) by reacting the lactone compound dissloved in an appropriate aque- 
ous solvent (e.g., water, a phosphate buffer) or an appropriate organic solvent (e.g., dimethylformamide, dimethyl sul- 
foxide) with a lipid dissolved in an appropriate organic solvent (e.g., chloroform, methanol) and allowing the mixture to 
react at a temperature of from 5 to 80°C, preferably from 30 to 60°C, for at least 10 minutes, preferably from 1 hour to 
18 hours. 

[0041] Similar to the case of the limited oxidation of reducing terminal, a lipid-bound GAG may also be produced by 
allowing a bifunctional spacer compound having a primary amino group, instead of the primary amino group-containing 
lipid, to react with the abovementioned lactone compound thereby forming an acid amide bond (-CONH-), and then 
allowing the other functional group of the above bifunctional spacer compound to react with a functional group (a car- 
boxyl group for example) of a lipid. 



Other process 



[0042] In another process, a carboxyl group in the uronic acid moiety of a GAG is bound to a primary amino group of 
a lipid via an acid amide bond (-CONH-). 

[0043] In this process, the acid amide bond (-CONH-) may be formed using a condensing agent such as 1 -ethyl-3-(3- 
dimethylaminopropyl)carbodiimide, dicyclohexylcarbodiimide, or by reacting the GAG with an activator such as N- 
hydroxysuccinimide, p-nitrophenol, N-hydroxybenzotriazole in the presence of the abovementioned condensing agent 
to convert the carboxyl group in the uronic acid moiety into an active ester and then allowing the resulting active ester 
to react with a lipid. 

[0044] Preferably, the GAG uronic acid moiety may be subjected to the above reaction as a form of an organic solvent- 
soluble salt including amine salt such as triethylamine salt, tributylamine salt, and the reaction may be carried out in an 
organic solvent such as dimethylformamide, dimethyl sulfoxide, pyridine. 



Typical compounds 



[0045] The following illustrates preferred examples of the lipid-bound GAG compounds to be used as the active ingre- 
dient for the preparation of the antirheumatic composition according to the present invention. 



(1) L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound hyaluronic acid (compound of lot No. 600 prepared in Refer- 
ence Example 1-A below) 




and 
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10 



0 

I! 



ai a -0-C-(CHa)j-CH 3 




0 
11 



vjk oh ro-wi-au-aia-o-p-o-cH* 

Y OH 



O llC-0-C-(CH a ),<CH 3 



15 

n = average 25 
20 Materials 
[0046] 

GAG: hyaluronic acid (cockscomb origin, molecular weight of 10,000) 
25 Lipid: L-(a-phosphatidyl)ethanolamine dipalmitoyl 

Synthesis 

[0047] Lactonization of reducing terminal [see Example 1-(2)-1) in JP-A-4-80201 or Reference Example 1-A below] 



30 



(2) L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound chondroitin sulfate (compound of lot No. 602-2 prepared in 
Reference Example 1-A below) 



35 



40 



45 



COOH CIUQSO3H 




QI 2 -0-C-(CH a ),«Gl 3 



0 iic-o-c-(aia)»-ai, 
» l 

C0«MKH 2 -ai 2 -0-FKKll 2 



Oil 



NHAc 



and 



50 



55 
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10 



0 
ti 




Q!s-(K-{aia)wCH, 



0 
It 



' COOli 

J OH 0 HC-0-C-(OI 2 )mCK 3 

XoH OO-NII-CHj-Ok-O-P-O-CH* 

r~Y on 

OH 



15 

n = average 60 
20 Materials 
[0048] 

GAG: chondroitin sulfate (shark cartilage origin, molecular weight of 30,000, substance mainly containing chondroi- 
25 tin sulfate C) 

Lipid: L-(a-phosphatidyl)ethanolamine dipalmitoyl 

Synthesis 

30 [0049] Lactonization of reducing terminal [see Example 1-(2)-2) in JP-A 4-80201 or Reference Example 1-A below] 
(3) Stearoylpalmitoylphosphatidylserine-bound chondroitin sulfate (Reference Example 1-B below) 



35 



40 



auosojH 

HO J 0. 



0 

c^-o-cxau.-.ai, 



C00H CH,0S0 3 H 
0. HO J OH 




0 
II 



0 HC-O-CHOUheCHj 
« I 

CO-NKH-OU-0-WKH! 



f COOH OH 
NHAc 



45 



and 



50 



55 
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n = average 60 
Materials 
[0050] 

GAG: chondroitin sulfate (shark cartilage origin, molecular weight of 30,000, substance mainly containing chondroi- 
tin sulfate C) 

Lipid: stearoylpalmitoylphosphatidylserine 
Synthesis 

[0051] Lactonization of reducing terminal [see Example 1-(3) in JP-A 4-80201 or Reference Example 1-B below] 
(4) Monostearoylglyceryl-bound chondroitin sulfate 




COOH 



Oil 



CK 2 -0H 

0 
ii 



lIC-O-C-tCH,),^, 
N- — CHj-NH- (CHa) 2-NHC0- (QI 2 ) 2 -C00-CH 2 



n = average 60 
Materials 
[0052] 

GAG: chondroitin sulfate (shark cartilage origin, molecular weight of 30,000, substance mainly containing chondroi- 
tin sulfate C) 

Lipid: monostearoylglyceryl succinate 
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Synthesis 

[0053] Chondroitin sulfate whose reducing terminal has been limitedly oxidized (aldehyde formation) is allowed to 
react with ethylenediamine and subsequently with the above lipid (amination of reducing terminal) [see Example 2-(3) 
5 in JP-A 4-80201 or Reference Example 3 below]. 

(5) L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound hyaluronic acid (compound of lot No. 300 prepared in Refer- 
ence Example 2 below) 



guKK-(ai 2 )„cH 3 




40 

n = average 24 
Materials 

45 

[0054] 

GAG: hyaluronic acid (cockscomb origin, molecular weight of 10,000) 
Lipid: L-(a-phosphatidyl)ethanolamine dipalmitoyl 

50 

Synthesis 

[0055] Limited oxidation of reducing terminal [see Example 1 -(2)-1 ) in JP-A 4-80202 or Reference Example 2 below] 

55 Antirheumatic composition 

[0056] The antirheumatic composition of the present invention is effective in mammals including human for the treat- 
ment or prevention of chronic multiple inflammatory diseases, especially RA, in which RF is detected in the serum and 
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synovia. 

[0057] That is, a lipid-bound GAG is formulated into optional dosage forms such as liquids, solids, semi-solids as 
pharmaceutical compositions and can be administered to patients through any optional route of administration. The 
composition may be administered orally or parenterally. The parenteral administration includes injection into tissue such 
5 as intravenous, intramuscular, intraarticular or subcutaneous administration or rectal administration, percutaneous 
application. 

[0058] The pharmaceutical composition can be prepared in the conventional manner by mixing the lipid-bound GAG 
with pharmaceutical^ acceptable carriers. It may also be made into controlled drug release preparations using known 
techniques. 

10 [0059] Since lipid-bound GAG compounds are soluble in water in most cases, liquid preparations thereof can be pro- 
duced easily. Especially, in order to gain full effects as an antirheumatic composition, it is preferable to administer the 
composition by intraarticular injection. Liquid preparations such as injections may be produced by dissolving the lipid- 
bound GAG in distilled water for injection together, if necessary, with pH-adjusting agents (hydrochloric acid, sodium 
hydroxide, lactic acid, sodium lactate, disodium hydrogenphosphate, sodium dihydrogenphosphate) and isotonizing 

15 agents (sodium chloride, glucose), subjecting the resulting solution to sterile filtration and then filling the sterile solution 
into ampuls. Alternatively, to this solution may be further added mannitol, dextrin, cyclodextrin, gelatin and then the 
resulting solution is lyophilized in vacuo to serve as preparations for injection which are dissolved upon use. Also, emul- 
sions for injection may be produced by adding an emulsifying agent such as lecithin, Polysorbate 80 (Atlas Co.), poly- 
oxyethylene hydrogenated castor oil to the lipid-bound GAG and emulsifying the mixture in water. 

20 [0060] In addition, the lipid-bound GAG may be formulated into solid preparations for oral administration such as pow- 
ders, granules, capsules, tablets together with excipients including, for example, fillers such as lactose, starch, crystal- 
line cellulose and the like, binders such as sucrose, hydroxypropyl cellulose, disintegrating agents such as 
carboxymethyl cellulose and the like and lubricants such as magnesium stearate, talc. Alternatively, the lipid-bound 
GAG may be formulated into liquid preparations for oral administration such as syrups together with, for example, 

25 sweeteners such as sucrose, sorbitol, water, essential oil and ethanol. 

[0061] The lipid-bound GAG may also be formulated into ointments together with white petrolatum, beeswax, liquid 
paraffin or into tapes by kneading it with an adhesive such as rosin, an alkyl acrylate polymer and then spreading the 
mixture on a non-woven fabric such as of polyethylene. 

[0062] The amounts of the lipid-bound GAG in the abovementioned compositions may vary depending on dosage 
30 forms, the administration route, the number of administration, but the lipid-bound GAG may be used in general in an 
amount of from about 0.1 to 10% by weight when used as injections, from about 1 to 80% by weight when used as oral 
preparations and from about 0.1 to 10% by weight when used as external preparations. 

[0063] The dose of the lipid-bound GAG cannot be specified because it varies depending on ages, symptoms, weight 
and the like of patients and the route of administration, but it generally ranges from 0.1 to 2,000 mg/adult once a day or 

35 within several weeks. In the case of administration (injection) into tissues, the lipid-bound GAG may be administered 
preferably in a dose of from 1 to 1 ,000 mg once a day or once within several days. When the lipid-bound GAG is admin- 
istered into joint cavities, it is necessary to adjust its dose optionally according to the size of each joint cavity to be 
injected. For example, in the case of a knee joint cavity, it is desirable to administer the lipid-bound GAG in a dose of 
from 0.1 to 100 mg, or from 0.1 to 10 ml as its solution, per adult per day or once within several weeks. In the case of 

40 oral administration, the lipid-bound GAG may be administered in a dose of from about 1 00 to 2,000 mg once or several 
times daily. 

[0064] Since the lipid-bound GAG according to the present invention is a compound having low toxicity, it is highly 
safe as a pharmaceutical composition. Acute toxicity of the lipid-bound GAG was measured in the following manner. 
[0065] Four-week-old male and female Sic-ddy mice were preliminary fed for one week. When the males grew into 

45 their body weights of 23 to 30 g and the females into 20 to 25 g, they were given intraperitoneal^ a phosphatidyleth- 
anolamine-bound chondroitin sulfate (CS-PE) or a phosphatidylethanolamine-bound hyaluronic acid (HA-PE), both 
obtained in Reference Example shown below and each of which was dissolved in official physiological saline to a con- 
centration of 5%. LD 50 was measured using 10 males and 10 females in each test group. As the results, it was found 
that the LD 50 of each test compound was 2,000 mg/kg or higher, thus proving the safety of the compounds as a drug. 

50 [0066] In rheumatoid arthritis, infiltration of inflammatory synovial membrane cells into the surface layer of cartilage 
tissues, namely pannus, is an important morbidity. The composition of the present invention is considered to prevent 
the pannus generation according to action mechanism which comprises immobilizing the lipid-bound GAG of the 
present invention on the inflammatory cartilage surface and synovial membrane tissue, thereby inhibiting adhesion of 
the extending inflammatory synovial membrane cells to the joint cartilage tissues. Since no antirheumatic drug having 

55 such action mechanism has been known, the composition of the present invention can be regarded as a novel antirheu- 
matic drug. 

[0067] In addition to the above pannus-suppressing activity, the composition of the present invention can be expected 
to show an excellent effect as an antirheumatic drug because the lipid-bound GAG has a function to improve inflamma- 
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tory symptoms of synovial membrane tissues by alleviating abnormal proliferation of synovial membrane cells, deposi- 
tion of fibrin, follicle-like aggregation of lymphocytes and the like. 

[0068] The lipid-bound GAG to be used as the active ingredient for the preparation of the composition according to 
the present invention inherently has extremely low toxicity. It seems that the composition of the present invention, which 
5 is especially effective when topically applied to inflamed sites, does not cause essentially no side effects in other 
organs. 

[0069] The following examples are provided to further illustrates the present invention, which include reference exam- 
ples showing the synthesis of the lipid-bound GAGs, test examples showing biological activities such as pharmacolog- 
ical activities of the compounds and a formulation example of a pharmaceutical composition. However, the examples 
10 are not to be construed to limit the scope of the invention. 

REFERENCE EXAMPLE 1 

A. Synthesis of phospholipid-bound GAG by lactonization of reducing terminal 

15 

(1) Synthesis of reducing terminal-oxidized GAG 

[0070] A 500 mg portion of hyaluronic acid (cockscomb origin; molecular weight of about 1 0,000; HA1 ) was dissolved 
in 1 0 ml of water, and the solution was mixed with 5 ml of a methanol solution of 0.1 M iodine. The mixture was allowed 

20 to react at room temperature for 6 hours. To the resulting reaction mixture was added about 5 ml of 0.1 N potassium 
hydroxide to decolor free iodine. Potassium acetate-saturated ethanol was added to the resulting solution to form a pre- 
cipitate and the precipitate was collected by filtration, washed thoroughly with ethanol and then dried under a reduced 
pressure. Thus, 423 mg of reducing terminal-oxidized hyaluronic acid (potassium salt) was obtained. 
[0071] Then, 400 mg of the thus obtained reducing terminal-oxidized hyaluronic acid was dissolved in 1 0 ml of water, 

25 and the solution was passed through a column packed with 50 ml of a strongly acidic cation exchange resin (Dowex 50, 
H + type) over 1 hour. Thus, an aqueous solution containing 390 mg of reducing terminal-lactonized hyaluronic acid was 
obtained. 

[0072] The thus obtained solution was neutralized with tri-n-butylamine and subsequently freeze-dried to obtain 400 
mg of tri-n-butylamine salt of reducing terminal-lactonized hyaluronic acid. 

30 [0073] Other reducing terminal-lactonized GAG compounds were prepared in accordance with the above procedure, 
using each of the following starting materials: chondroitin (molecular weight of about 1 5,000; obtained by removing sul- 
furic acid from whale cartilage chondroitin sulfate; CH), chondroitin sulfate (shark cartilage origin: molecular weight of 
about 1 0,000, CS (S1 ); molecular weight of about 30,000, CS (S3); and molecular weight of about 60,000, CS (S6)), 
dermatan sulfate (swine skin origin; molecular weight of about 15,000; DS), heparin (swine small intestine origin; 

35 molecular weight of about 15,000; Hep) and heparan sulfate (bovine kidney origin; molecular weight of about 15,000; 
HS). The results are shown in Table 1 . 



Table 1 



40 


GAG 


Amount of material GAG 
used (mg) 


Amount of reducing ter- 
minal-oxidized GAG 
formed/used (mg) 


Amount of reducing ter- 
minal-lactonized GAG 
formed (mg) 




CH 


1,000 


823/800 


780 


45 


CS (S1) 


1,000 


901/900 


805 




CS (S3) 


1,000 


895/800 


850 




CS (S6) 


1,000 


913/900 


887 


50 


DS 


100 


91/90 


96 


Hep 


1,000 


902/900 


946 




HS 


100 


88/80 


72 



55 (2) Preparation of L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound GAG 

[0074] A 400 mg portion of tri-n-butylamine salt of reducing terminal-lactonized hyaluronic acid was dissolved in 200 
ml of dimethylformamide and 27.6 mg of L-(a-phosphatidyl)-ethanolamine dipalmitoyl (to be referred to as "PE" herein- 
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after) dissolved in chloroform was added thereto. The resulting mixture was allowed to react at 70°C for 2 hours. After 
removing chloroform from the reaction mixture by distillation, an excess amount of sodium acetate was added to the 
residue, followed by the addition of sodium acetate-saturated ethanol to form a precipitate. The thus formed precipitate 
was collected by filtration and dissolved in 0.3 M ammonium acetate solution. The resulting solution was applied to a 

5 hydrophobic chromatographic column (400 ml of TSK gel Phenyl Toyopearl 650M, Tosoh Corporation) for adsorption. 
The column was washed thoroughly with 0.3 M sodium chloride aqueous solution and then elution was carried out with 
30% methanol aqueous solution. The reaction product was found in the 30% methanol-eluted fraction, while unreacted 
starting material was found in the unadsorbed fraction and washings. The 30% methanol-eluted fraction was concen- 
trated under a reduced pressure, desalted by dialysis and then lyophilized to obtain 36 mg of the PE-bound hyaluronic 

10 acid (lot No. 600). 

Lot No. 600 

PE content: 6.44% 

Hyaluronic acid content: 82.37% 

15 

[0075] Various PE-bound GAG compounds other than the PE-bound hyaluronic acid were prepared using PE and the 
reducing terminal-lactonized compounds obtained in the above step (1 ) in accordance with the abovementioned proce- 
dure. The amount of the starting materials used and the amount of the desired products formed are shown in Table 2, 
and the results of the proportion of PE and GAG in the products is shown in Table 3. 



Table 2 



25 


GAG 


Amount of reducing ter- 
minal-lactonized GAG 
used (mg) 


Amount of PE used (mg) 


Amount of PE-bound 
GAG formed (mg) 




CH 


700 


32.30 


70.20 




CS (S1) 


800 


55.40 


88.00 


30 


CS (S3) 


400 


9.26 


20.00 




CS (S6) 


800 


9.00 


56.20 




DS 


90 


4.15 


4.50 




Hep 


800 


36.91 


24.00 


35 


HS 


70 


3.31 


5.74 



40 

Table 3 



GAG 


Lot No. 


Proportion 






PE (%) 


GAG (%) 


CH 


601 


4.30 


90.90 


CS (S1) 


602 


6.41 


85.17 


CS (S3) 


602-2 


2.01 


89.70 


CS (S6) 


602-3 


1.08 


92.00 


DS 


604 


4.00 


90.66 


Hep 


605 


4.11 


90.01 


HS 


606 


4.22 


88.21 
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B. Synthesis of stearoylpalmitoylphosphatidylserine-bound chondroitin sulfate by lactonization of reducing terminal 

[0076] A 400 mg portion of reducing terminal-lactonized chondroitin sulfate prepared in the same manner as 
described in Reference Example 1-A-(1) was dissolved in 200 ml of dimethylformamide and 9 mg of stearoylpalmitoyl- 

5 phosphatidylserine dissolved in chloroform was added thereto. The mixture was allowed to react at 70°C for 2 hours. 
After removing chloroform by distillation, an excess amount of a sodium acetate solution was added to the residue to 
produce a sodium salt. Then, sodium acetate-saturated ethanol was added thereto and a precipitate formed was col- 
lected by filtration. The precipitate was dissolved in 0.3 M sodium chloride solution and treated in accordance with the 
same method as described in Reference Example 1-A-(2) to obtain 20.8 mg of stearoyl-palmitoylphosphatidylserine- 

10 bound chondroitin sulfate. 

Phosphorus content: 0.10% 
Chondroitin sulfate content: 86.15% 

15 REFERENCE EXAMPLE 2 

Synthesis of lipid-bound GAG by limited oxidation of reducing terminal 

(1) Synthesis of reducing terminal-oxidized GAG 

20 

[0077] A 2,000 mg portion of hyaluronic acid (cockscomb origin; molecular weight of about 10,000; HA1) was dis- 
solved in 200 ml of 0.05 M borate buffer (pH 8.3), and the solution was mixed with 1 82 mg of sodium borohydride. The 
resulting mixture was allowed to react at room temperature for 5 hours. After adjusting the pH value to 4.5 with acetic 
acid, ethanol was added to the resulting solution to form a precipitate. The precipitate was collected by filtration and 

25 washed with ethanol to obtain 1 ,800 mg of reducing terminal residue-cleaved hyaluronic acid. 

[0078] Then, 1 ,700 mg of the thus prepared reducing terminal residue-cleaved hyaluronic acid was dissolved in 250 
ml of 40 mM imidazole buffer (pH 6.5), and the solution was mixed with 139.96 mg of sodium periodate. The resulting 
mixture was allowed to react at 0°C for 1 hour. Thereafter, ethanol was added to the reaction mixture to form a precip- 
itate. The precipitate was collected by filtration and washed with ethanol to obtain 1 ,600 mg of reducing terminal-limit- 

30 edly oxidized hyaluronic acid. 

[0079] In the same manner, 897 mg of reducing terminal residue-cleaved chondroitin sulfate was obtained using 
1,000 mg of chondroitin sulfate (shark cartilage origin; molecular weight of about 30,000; CS (S3)) and 31.50 mg of 
sodium borohydride, and 774 mg of reducing terminal residue-limitedly oxidized chondroitin sulfate was obtained using 
800 mg of the reducing terminal residue-cleaved chondroitin sulfate and 22.83 mg of sodium periodate. 

35 

(2) Synthesis of L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound GAG 

[0080] A 1,000 mg portion of reducing terminal residue-limitedly oxidized hyaluronic acid was dissolved in 100 ml of 
0.05 M phosphate buffer (pH 7.0) and 69.2 ml of a chloroformmethanol mixture (2:1) containing 1 mg/ml of PE was 

40 added thereto, followed by further addition of methanol to make the mixture into a uniform solution. After the resulting 
solution was allowed to react at 50°C for 1 hour, 25 mg of sodium cyanoborohydride was added to the solution and the 
reaction was continued at 50°C for 2 hours. The resulting reaction mixture was concentrated under a reduced pressure 
and then mixed with five volumes of acetate-saturated ethanol to form a precipitate. The thus formed precipitate was 
collected by filtration and dissolved in 0.3 M sodium chloride solution. The resulting solution was applied to a hydropho- 

45 bic chromatographic column (400 ml of TSK gel Phenyl Toyopearl 650M) for adsorption. The column was washed thor- 
oughly with 0.3 M sodium chloride aqueous solution and then elution was carried out with 30% methanol aqueous 
solution. The desired product was found in the 30% methanol-eluted fraction, while unreacted starting material was 
found in the unadsorbed fraction and washings. The 30% methanol-eluted fraction was concentrated under a reduced 
pressure, desalted by dialysis and then lyophilized to obtain 40 mg of the PE-bound hyaluronic acid (lot No. 300). 

50 

Lot No. 300 

PE content: 6.21% 

Hyaluronic acid content: 62.12% 

55 [0081] In the same manner, 29 mg of a PE-bound chondroitin sulfate (lot No. 302-2) was obtained using 700 mg of 
the reducing terminal residue-limitedly oxidized chondroitin sulfate prepared in the above step (1), 16.15 mg of PE and 
5.89 mg of sodium cyanoborohydride. 
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Lot No. 302-2 

PE content: 2.22% 

Chondroitin sulfate content: 65.52% 

5 REFERENCE EXAMPLE 3 

Synthesis of monostearoylglyceryl-bound chondroitin sulfate by amination of reducing terminal 

1) Synthesis of reducing terminal-aminated chondroitin sulfate 

10 

[0082] A 100 mg portion of reducing terminal-limitedly oxidized chondroitin sulfate obtained in Reference Example 2 
(1) was dissolved in 50 ml of 0.05 M phosphate buffer (pH 7.0), 24 mg of ethylenediamine hydrochloride was added 
thereto and the mixture was allowed to react at 50°C for 30 minutes. After adding 20 mg of sodium cyanoborohydride 
to the mixture, the reaction was further carried out at 50°C for 2 hours. Sodium acetate-saturated ethanol was added to 

15 the reaction mixture to form a precipitate which was collected by filtration. The precipitate was dissolved in water and 
desalted by dialysis. The resulting solution was allowed to be adsorbed by 50 ml of DEAE-ion exchange resin and gra- 
dient elution was carried out with a sodium chloride solution in a concentration of 0.1 to 1 M. Reducing terminal-ami- 
nated chondroitin sulfate was eluted at a sodium chloride concentration of 0.4 M, while free chondroitin sulfate was 
eluted at the concentration of 0.75 M. The fraction obtained by elution with a 0.4 M sodium chloride solution was 

20 desalted by dialysis and lyophilized to obtain 80 mg of reducing terminal-aminated chondroitin sulfate. 

2) Preparation of gryceryl monostearate succinic acid ester 

[0083] A 1 0.74 g of gryceryl monostearate was dissolved in 200 ml of benzene containing 3 ml of pyridine, 6 g of suc- 
25 cinic anhydride was added thereto. The resulting mixture was refluxed for 6 hours and concentrated under reduced 
pressure. A precipitate formed was recrystallized from acetone to obtain 8.2 g of gryceryl monostearate succinic acid 
ester. 

3) Preparation of active ester of gryceryl monostearate succinic acid ester 

30 

[0084] A 8 g portion of the ester obtained in the above 2) was dissolved in benzene. To the solution were added 2 g 
of N-hydroxysuccinic acid imide and 10 g of dicyclohexylcarbodiimide. The mixture was allowed to react at room tem- 
perature for 20 hours and then concentrated under reduced pressure. A precipitate formed was recrystallized from ben- 
zene/n-hexane to obtain 7.4 g of a desired active ester. 

35 

4) Preparation of monostearoylglyceryl-bound chondroitin sulfate 

[0085] A 80 mg portion of reducing terminal-aminated chondroitin sulfate obtained in the above 1) was dissolved in 5 
ml of water and 6.95 mg of the active ester obtained in the above 3) dissolved in dimethylformamide was added thereto. 
40 The resulting mixture was allowed to react at room temperature for 20 hours. Sodium acetate-saturated ethanol was 
added to the reaction mixture and a precipitate formed was collected by filtration. The precipitate was dissolved in a 0.3 
M sodium chloride aqueous solution and the resulting solution was purified in accordance with the procedure described 
in Reference Example 1 (2) to obtain 38 mg of monostearoylglyceryl-bound chondroitin sulfate. 

45 Stearic acid content: 0.86% 

Chondroitin sulfate content: 98.2% 

TEST EXAMPLE 1 

50 Inhibitory effect of lipid-bound GAG on extension of pannus in simultaneous organ culture of rabbit articular cartilage 
tissue and synovial membrane tissue (1) 

[0086] Japanese white rabbits were sensitized for 7 to 8 months by intravenous injection of heat-killed E. cofi strain 
0:1 4, and killed cells of the same strain were injected into knee joint cavities of the sensitized rabbits to cause arthritis. 
55 After 4 to 5 weeks of the arthritis induction, the rabbits were sacrificed and dissected to aseptically collect knee articular 
cartilage tissues and fat tissue-containing synovial membrane tissues which were subsequently cut into 3 to 5 mm 
square pieces and washed with Hanks' solution. 

[0087] A six-well tissue culture plate (Falcon 3046, 35 mm inside diameter, Falcon) was filled with 1 ml of Iscove's 
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modified Dulbecco's medium (Sigma Chemical Co.) containing 10% fetal bovine serum, and a filter-equipped culture 
plate insert (Millicell-CM, 30 mm diameter and 0.4 jum pore size, Millipore Corp.) was soaked in the medium. A piece of 
the cartilage tissue prepared above was put on the filter, with the side of the joint of the piece facing upward, and then 
the synovial membrane tissue piece obtained above was superposed on the cartilage tissue piece in such a manner 
5 that the side of the synovial membrane cell overlapped on the joint side of the cartilage piece. Thereafter, the thus 
arranged tissues were incubated at 37°C. 

[0088] The cartilage tissue piece was pre-treated at 37°C for 1 hour with the PE-bound chondroitin sulfate prepared 
in Reference Example 1 (lot No. 602-2, to be referred to as "CS-PE" hereinafter) which had been dissolved in Hanks' 
solution to a concentration of 100 jug/ml prior to the incubation. Alternatively, the incubation was carried out with adding 
10 CS-PE to the medium to a concentration of 100 |ug/ml. Effects of the CS-PE were then examined in the following man- 
ner. 

[0089] After 4 to 8 days of the incubation, each of the resulting organ culture tissue pieces was fixed as such with a 
neutral formalin buffer, subjected to paraffin embedding and then sliced vertically so that the overlapping portion of the 
cartilage and synovial membrane could be observed. The thus obtained section was stained with hematoxylin-eosin (to 
15 be referred to as "HE" hereinafter). Microscopic observation revealed pannus-like extension of the synovial membrane 
cells to the cartilage tissue surface. The results were judged "++" when the cell extension was considerably strong, "+" 
when the extension was clearly observed, "±" when some of the synovial membrane-originated cells were found on the 
cartilage surface and "-" when no cell extension was found. The results are shown in Table 4. 

20 

Table 4 





Degree of pannus-like extension of 
synovial membrane cells (n = 4) 


Conditions 


1 


2 


3 


4 


Control (untreated) 


± 


++ 


+ 


++ 


Cartilage pretreated with CS-PE 100 jug/ml 


± 


+ 






Cartilage incubated in the medium supplemented with CS-PE 100 ng/ml 


+ 


± 


± 


± 



30 

[0090] As is evident from Table 4, CS-PE showed an inhibitory effect on extension of the synovial membrane cells 
(pannus) to the cartilage surface. The high extension inhibitory effect was obtained when CS-PE was applied to the car- 
tilage tissue in advance (pretreated cartilage) in comparison with the case of catlilage tissue incubated in the medium 
35 supplemented with CS-PE. 

TEST EXAMPLE 2 

Inhibitory effect of lipid-bound GAG on extension of pannus in simultaneous organ culture of rabbit articular cartilage 
40 tissue and synovial membrane tissue (2) 

[0091] Japanese white rabbits were sensitized for 4 months by subcutaneous injection of heat-killed E. coli strain 
0:1 4, and killed cells of the same strain were injected into knee joint cavities of the sensitized rabbits to cause arthritis. 
After 5 weeks of the arthritis induction, they were sacrificed and dissected to aseptically collect knee articular cartilage 

45 tissues and fat tissue-containing synovial membrane tissues which were subsequently cut into 3 to 5 mm square pieces 
and washed with Hanks' solution. One of the thus prepared cartilage tissue pieces was added to a solution of the PE- 
bound chondroitin sulfate (lot No. 602-2) or the PE-bound hyaluronic acid prepared in Reference Example 1 (lot No. 
600, to be referred to as "HA-PE" hereinafter), each of which had been dissolved in Hanks' solution to a concentration 
of 100 jug/ml. The cartilage tissue pieces were pretreated at 37°C for 1 hour and then washed again with Hanks' solu- 

50 tion. 

[0092] A six-well tissue culture plate (Falcon 3046, 35 mm internal diameter, Falcon) was filled with 1 ml of Iscove's 
modified Dulbecco's medium (Sigma Chemical Co.) containing 10% fetal bovine serum, and a filter-equipped culture 
plate insert (Millicell-CM, 30 mm diameter and 0.4 \im pore size, Millipore Corp.) was soaked in the medium. A piece of 
the cartilage tissue pretreated with CS-PE or HA-PE and an untreated cartilage tissue piece were arranged on the filter, 
55 with the side of the joint of each piece facing upward, and then the synovial membrane tissue piece obtained above was 
superposed on the cartilage tissue pieces in such a manner that the side of the synovial membrane cell was overlapped 
on the joint side of the cartilage pieces. Thereafter, the thus arranged tissues were incubated at 37°C. 
[0093] After 4 days of the incubation, the resulting organ culture tissue pieces were made into sections and subjected 
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to HE staining in the same manner as described in Test Example 1, and pannus-like extension of the synovial mem- 
brane cells was judged in the same manner. The results are shown in Table 5. 



Table 5 



Degree of pannus-like extension of synovial membrane cells 

(n-3) 


Untreated cartilage 


Pretreated cartilage with CS-PE 


1 


2 


3 


1 


2 


3 


+ 


+ 


+ 






± 


Untreated cartilage 


Pretreated cartilage with HA-PE 


1 


2 


3 


1 


2 


3 


+ 


+ 


+ 


± 


+ 


± 



[0094] As is evident from Table 5, pretreatment of cartilage with CS-PE, namely application of CS-PE to cartilage, is 
20 effective for inhibiting the extension of synovial membrane cells (pannus) to the cartilage surface. Pannus extension of 

cartilage pretreated with HA-PE also inhibited though the degree of the inhibition was not so high as CS-PE. 

[0095] The lipid-bound GAG compounds prepared in Reference Examples 1 and 2 other than CS-PE and HA-PE 

were also examined for their effects for inhibiting extension of pannus-like synovial membrane cells in the same manner 

as described above. As a result, each of the lipid-bound chondroitin sulfate samples (lot Nos. 602, 602-3 and 302-2) 
25 showed almost the same extension inhibitory effect as that of the abovementioned CS-PE (lot No. 602-2). The other 

lipid-bound GAG compounds also showed a certain degree of extension inhibitory effect though the effect was inferior 

to that of CS-PE. 

TEST EXAMPLE 3 

30 

Effect of lipid-bound GAG on E. co//-induced arthritis rabbit 

[0096] A 1 ,000 jug portion of heat-killed E. coli cells were suspended in 0.5 ml of physiological saline, and the sus- 
pension was mixed with the same volume of Freund's incomplete adjuvant. A 1 ml portion of the resulting suspension 

35 was injected intramuscularly to each of 1 8 Japanese white rabbits (2 kg in body weight) once a month 4 times in total. 
On the 8th day after the final sensitization, 1 ml of a suspension of heat-killed E. coli cells (1 ,000 jug as antigen) was 
injected into both knee joints of each rabbit to cause arthritis. Starting immediately after the injection for causing arthri- 
tis, 1 ml of phosphate-buffered saline (to be referred to as "PBS" hereinafter), 1 ml of CS-PE (lot No. 602-2, 1 mg/ml) or 
1 ml of HA-PE (lot No. 600, 1 mg/ml) was injected into the left knee joint cavity of 6 rabbits 5 to 6 times weekly. The right 

40 knee joints were remained untreated after the injection for causing arthritis to serve as controls. 

[0097] After 4 or 6 weeks of the injection for causing arthritis, the experimental animals were dissected to collect joint 
samples. Each of the joint tissue samples was fixed with formalin, subjected to paraffin embedding and then made into 
HE-stained sections. The tissue specimen thus prepared from each joint part was observed under a microscope to 
pathologically evaluate the degree of arthritis, especially pannus extension and synovitis. 

45 [0098] From the whole body observation, the animals which received the composition of the present invention were 
evidently active in comparison with those which received PBS. Further, the drug-administered left knee joints hardly 
showed swellings compared to the control right knee joints, thus showing improvement of arthritic symptoms. 
[0099] The observation of tissue specimens revealed villous growth of synovial membrane associated with deposition 
of fibrin on the synovial membrane surface layer and infiltration of lymphoid follicle-like small circular cell in the tissue 

50 under the synovial membrane surface layer in all animals of the PBS-administered control group. The arthritis tissue 
was evidently developed into pannus which extended to the cartilage surface. 

[0100] In the CS-PE-administered group, two out of the 6 animals could be compared in the left and right knee joints 
at the same positions. The control right knee joint of each of the two cases revealed growth of synovial membrane villi 
accompanied by infiltration of lymphoid follicle-like small circular cell and extension of the inflammatory glanulation tis- 
55 sue as pannus toward the cartilage surface layer. Comparing with the right knee joint mentioned above at the same 
position of the same animal, the pannus extension toward articular cartilage was found to be suppressed in the CS-PE- 
injected left knee joint. 

[0101] In the HA-PE-administered group, the pannus extension inhibitory effect was not so clear as the case of the 
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CS-PE-injected group, but the control right knee joint showed such a strong inflammatory symptom that fibrin deposited 
on the surface layer of the inflamed synovial membrane and follicle-like lymphocytes aggregated under the same sur- 
face layer. On the other hand, inflammatory symptoms were relatively mild in the HA-PE-injected left joint synovial 
membrane. Such an anti-inflammation effect was found in 3 out of the 6 cases. 

[0102] On the basis of the above results, it is evident that the lipid-bound GAG of the present invention exhibits an 
effect of ameliorating RA-like arthritic symptoms. 

TEST EXAMPLE 4 

Lipid-bound GAG remaining in rabbit articular cartilage tissues 

[0103] Normal Japanese white rabbits (body weight of 2.7 to 3.0 kg) and arthritis-induced Japanese white rabbits 
(body weight of 2.7 to 3.0 kg) were used as experimental animals. The arthritis-induced animals were obtained by con- 
tinuously administering E. coli dead cells together with incomplete Freund's adjuvant to Japanese white rabbits subcu- 
taneously for about 6 months, directly injecting E. coli dead cells into both knee joints of each of the thus treated rabbits 
and then selecting animals which showed arthritic symptoms 1 week after the injection. 

[0104] Chondroitin sulfate fluorescence-labeled with fluorescein amine (to be referred to as "F-CS" hereinafter) and 
fluorescence-labeled CS-PE (to be referred to as "F-CS-PE" hereinafter) prepared in the same manner as above were 
each dissolved in PBS (1 mg/ml or 1 0 mg/ml), and each of the resulting solutions was subjected to sterile filtration. The 
thus prepared solutions to be tested were injected into knee joints of the abovementioned normal and E. co//-sensitized 
rabbits in a dose of 1 ml/joint. The experimental animals were divided into 1 mg-administered and 10 mg-administered 
groups (only 10 mg-administered group for the normal rabbits), and F-CS was injected into their left knee joints and F- 
CS-PE into their right knee joints. One day after the administration of test samples, the rabbits were sacrificed and dis- 
sected to collect knee joint tissues, as well as elbow joint tissues to be used as controls. The collected joint tissues 
include fat tissue-containing synovial membrane tissue, articular meniscus, cruciate ligament, epiphyseal cartilage and 
synovia. 

[0105] Each of the tissue samples was lyophilized and treated with Pronase (Kaken Pharmaceutical Co., Ltd.) fol- 
lowed by extraction. The resulting extract was checked for its fluorescence intensity to calculate the amount of the flu- 
orescence-labeled derivative adhered to each tissue. The results obtained from the normal rabbits and the arthritis 
rabbits are shown in Figs. 1 and 2, respectively. 

[0106] In the case of the normal rabbits, F-CS-PE remained in the synovia in a higher amount than F-CS, but the dif- 
ference between them was not significant. Also, no significant difference was found between F-CS-PE and F-CS their 
migration into the articular cartilage. However, migrated amounts of F-CS-PE into meniscus, cruciate ligament and syn- 
ovial membrane were significantly higher than those of F-CS. Especially, F-CS-PE was detected in the synovial mem- 
brane tissue in an amount 30 times as high as F-CS. Since the synovial membrane tissue contains a large quantity of 
fat tissue, it seems probable that F-CS-PE is accumulated in the fat tissue. 

[0107] In the case of the joint tissues of the arthritis rabbits, F-CS-PE was incorporated into synovia, joint cartilage, 
meniscus and synovial membrane in an amount several to about 20 times as high as F-CS. In addition, the remaining 
amount increased depending on the dose (1 mg and 10 mg). Most significant differences from the normal rabbits are 
that the higher amounts of the test compounds were incorporated in tissues as a whole in the arthritis rabbits, and the 
amount of F-CS-PE remained in cartilage tissues is especially high in the inflamed joint tissues. These results seem to 
be related to the coating of a fibronectin-like substance and an immune complex on the surface of arthritis cartilage. 

FORMULATION EXAMPLE 

Solutions for intraarticular injection 

[0108] A 45 mg portion of aseptically prepared CS-PE (lot No. 602-2) or HA-PE (lot No. 600) was dissolved in 45 ml 
(final volume) of phosphate-buffered saline (PBS) at room temperature. Each of the thus prepared solutions was sub- 
jected to sterile filtration using a membrane filter of 0.22 jum pore size, and the filtrate was dispensed in 2.5 ml aliquots 
into ampuls. Thus, solutions for intraarticular injection respectively containing 2.5 mg per ampul of the above active 
ingredients were prepared. 

Claims 

1. The use of a lipid-bound glycosaminoglycan or a salt thereof for preparing a composition for treating rheumatism. 

2. The use according to claim 1 , wherein said lipid-bound glycosaminoglycan consists essentially of a lipid bound to 
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a glycosaminoglycan via an acid amide bond, an aminoalkyl bond or an ester bond. 

3. The use according to claim 1 , wherein the lipid-bound glycosaminoglycan is obtained by oxidizing a reducing ter- 
minal of a glycosaminoglycan to cleave the reducing terminal, lactonizing the cleaved product and reacting the 
resulting lactone compound with a primary amino group of a lipid. 

4. The use according to claim 1 , wherein the lipid moiety of said lipid-bound glycosaminoglycan is a glycerolipid and 
the glycosaminoglycan moiety thereof is chondroitin sulfate, dermatan sulfate or hyaluronic acid. 

5. The use according to claim 4, wherein the glycerolipid is a glycerophospholipid or acylglycerol. 

6. The use according to claim 5, wherein the glycerophospholipid is phosphatidylethanolamine or phosphatidylserine. 

7. The use according to claim 1, wherein said composition is in the form of intraarticularly injectable solution. 

8. The use according to claim 7, wherein the lipid-bound glycosaminoglycan is contained in the composition in an 
amount effective to prevent the extension of pannus. 

Patentanspruche 

1. Verwendung eines Lipid-gebundenen Glycosaminoglycan oder eines Salzes davon zur Herstellung einer 
Zusammensetzung zur Behandlung von Rheumatismus. 

2. Verwendung gemaB Anspruch 1, wobei das genannte Lipid-gebundene Glycosaminoglycan im wesentlichen aus 
einem Lipid besteht, das an ein Glycosaminoglycan uber eine Saureamid-Aminoalkyl- oder uber eine Ester-Bin- 
dung gebunden ist. 

3. Verwendung gemaB Anspruch 1, wobei das Lipid-gebundene Glycosaminoglycan erhaltlich ist, indem man eine 
reduzierende Endgruppe eines Glycosaminoglycan zur Spaltung der reduzierenden Endgruppe oxidiert, das Spalt- 
produkt lactonisiert und man die entstandene Lacton-Verbindung mit einer primaren Aminogruppe des Lipids zur 
Reaktion bringt. 

4. Verwendung gemaB Anspruch 1 , wobei der Lipid-Rest von genanntem Lipid-gebundenen Glycosaminoglycan ein 
Glycerolipid und der Glycosaminoglycan-Rest davon Chondroitinsulfat, Dermatansulfat oder Hyaluronsaure sind. 

5. Verwendung gemaB Anspruch 4, wobei das Glycerolipid ein Glycerophospholipid oder ein Acylglycerin ist. 

6. Verwendung gemaB Anspruch 5, wobei das Glycerophospholipid Phosphatidylethanolamin oder Phosphatidylserin 
ist. 

7. Verwendung gemaB Anspruch 1 , wobei die genannte Zusammensetzung in der Form einer intraartikular injizierba- 
ren Losung vorliegt. 

8. Verwendung gemaB Anspruch 7, wobei das Lipid-gebundene Glycosaminoglycan in der Zusammensetzung in 
einer Menge enthalten ist, die die Verhinderung der Ausbreitung von Pannus bewirkt. 

Revendications 

1. Utilisation d'un glycosaminoglycane lie a un lipide ou d'un de ses sels pour preparer une composition destinee au 
traitement du rhumatisme. 

2. Utilisation selon la revendication 1, dans laquelle ledit glycosaminoglycane lie a un lipide est constitue principale- 
ment d'un lipide lie a un glycosaminoglycane par I'intermediaire d'une liaison amide d'acide, d'une liaison aminoalk- 
yle ou d'une liaison ester. 

3. Utilisation selon la revendication 1, dans laquelle le glycosaminoglycane lie a un lipide est obtenu par oxydation 
d'une extremite terminale reductrice d'un glycosaminoglycane pour couper I'extremite terminale reductrice, lacto- 
nisation du produit coupe et reaction du compose lactone resultant avec un groupe amino primaire d'un lipide. 
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4. Utilisation selon la revendication 1 , dans laquelle le fragment lipide dudit glycosaminoglycane lie a un lipide est un 
glycerolipide et le fragment glycosaminoglycane de celui-ci est le chondroTtine sulfate, le dermatan sulfate ou 
I'acide hyaluronique. 

5 5. Utilisation selon la revendication 4, dans laquelle le glycerolipide est un glycerophospholipide ou un acylglycerol. 

6. Utilisation selon la revendication 5, dans laquelle le glycerophospholipide est la phosphatidyl-ethanolamine ou la 
phosphatidyl-serine. 

10 7. Utilisation selon la revendication 1 , dans laquelle ladite composition est sous la forme d'une solution injectable par 
voie intra-articulaire. 

8. Utilisation selon la revendication 7, dans laquelle le glycosaminoglycane lie a un lipide est contenu dans la compo- 
sition en une quantite efficace pour empecher une extension de pannus. 

15 
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Fig.1 
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Fig. 2 



ARTICULAR MENISCUS 



SYNOVIA 



cm 


12-r 


wei 


10- 


-a 


8- 


an 
E 


6 : 


cn 


k- 


CO 
CO 


2- 

o'- 



1mg 
F-CS F-CS-PE 



10mg 
F-CS F-CS-PE 




1mg 
F-CS F-CS-PE 



10mg 
F-CS F-CS-PE 



_ SYNOVIAL MEMBRANE 



30- 



20" 



C7> 

cn 

3 10- 

CO 




1 mg 
F-CS F-CS-PE 



10mg 
F-CS FCS-PE 





5-j 


CP 










4- 






u 




-a 


3- 


CD 


E 




cn 


2- 






CO 




CO 


1 - 




0 



CARTILAGE 




1 mg 
F-CS F-CS-PE 



10mg 
F-CS F-CS-PE 



24 



EP 0 581 282 B1 



Fig. 3(1) 
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Fig. 3(2) 




26 



EP 0 581 282 B1 



Fig. 3 (3) 
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